Background: Firearm-related injuries are a serious public health problem in the United States. Despite the magnitude of this problem, prior national estimates of nonfatal, firearm-related morbidity have been limited to an emergency department-based surveillance system. The objective of this study was to assess and report the information available on firearm-related injuries in an existing national database, derived from hospital discharge data.
Introduction
F irearm-related injuries are an important public health problem in the United States. In 1997, gunshots resulted in 32,436 fatalities and over 64,000 nonfatal injuries requiring treatment in U.S. hospital emergency departments (EDs). 1 Firearm-related injuries rank as the second leading cause of injury death after motor vehicles, 2 and violence is the leading cause of death among young people in many communities. Despite the magnitude of this problem and considerable variations in firearm-related injuries over time, there is currently no nationwide surveillance system for firearm-related injuries. The further development of surveillance systems for firearm-related injury to provide objective and nonpartisan information for policy decisions is a national priority. 3, 4 Information on firearm-related fatalities is available from the Vital Statistics census of deaths (available at ͗URL͘ www.cdc.gov/nchs/nvss.htm). Much less information is currently available on nonfatal firearm injuries. Prevalence of nonfatal firearm injuries has been estimated from the National Electronic Injury Surveillance System (NEISS), a national probability sample of hospital EDs. [5] [6] [7] [8] [9] While NEISS data have generated useful prevalence estimates, this ED-based system does not provide needed information on inpatient hospitalizations associated with firearms, such as in-hospital mortality, length of stay, diagnoses, procedures, or the outcomes associated with hospitalized cases. In addition, since NEISS is based on ED records, it provides little information on the costs associated with treatment for these injuries and the distribution of these costs across various healthcare systems and various payers. Due to its sampling frame, NEISS cannot be used to estimate injury data for states or localities. 10 Annest and Mercy 11 reviewed the existing federal data systems capable of providing useful information for na-tional surveillance of firearm-related injuries. Of the 13 data systems reviewed, only 7 provide any morbidity data and none used inpatient records or administrative summaries of hospitalized cases. The authors concluded that while progress in surveillance had occurred over the preceding decade, significant gaps remain in efforts to monitor firearm-related injuries nationally. The authors also pointed out that while International Classification of Diseases (ICD-9-CM) codes for external cause of injury (E codes) are useful for gathering data on firearm injuries, the validity of E codes in national morbidity data systems that use hospital discharge data has not been closely examined.
The purpose of this study was to determine the breadth and depth of information on firearm-related hospitalizations within administrative discharge data. While many statewide discharge data systems require the inclusion of E codes, not all states have this mandate and the validity of data from those requiring E codes has not been well established. We reasoned that firearm-related injuries, due to their clinical significance and overt nature, would be one example of an injury likely to be identified in administrative data by searching E codes. We established several a priori hypotheses that, if supported, would suggest that administrative discharge abstract data are a valid source of information for firearm-related injuries. These hypotheses included the following: (1) national estimates derived from administrative data will be consistent with prior estimates derived from other data sources; (2) firearm-related hospitalizations will be associated with a number of demographic variables including male gender, young age, and lower socioeconomic backgrounds; (3) patients admitted for firearm-related injuries will be admitted most commonly to urban teaching hospitals; and (4) patients admitted with self-inflicted, firearm-related injuries will be more likely to experience in-hospital death, and patients who survive will be more likely to experience a longer average length of stay than patients admitted for unintentional or assaultrelated injuries.
Methods
Data were obtained from the Healthcare Cost and Utilization Project (HCUP), which is maintained by the Agency for Healthcare Research and Quality (AHRQ). HCUP data are derived from hospital discharge summaries and abstracts, created by hospitals primarily for billing and payment purposes. The hospital discharge summary contains demographic information, the patient's conditions, the procedures the patient received, and other features about the hospital stay. Hospitals in many states provide discharge summaries to the state government, a hospital association, or some other designated health information organization.
HCUP is built through a partnership between the state data organizations and AHRQ. Over time, beginning with data year 1988, 12 the number of states contributing to HCUP has grown. The state data organizations provide their unique statewide database to HCUP. The data are then subjected to internal consistency and edit checks. Data elements that are similar across states are recoded into a uniform coding scheme, and data elements unique to individual states are retained if they are useful for research purposes. These uniformly formatted data sets are the core of the HCUP databases. 13 In 1997, a total of 22 states provided data to HCUP. The HCUP State Inpatient Database (SID) contains the universe of each participating state's community hospital inpatient discharge records. The 22 states contributing data to the SID captured approximately 60% of all hospital discharges in the United States. We chose 1997 because it was the most recent year with complete data at the time of this study.
The Nationwide Inpatient Sample (NIS) is the major derivative database created with the use of the SID data. The NIS is a stratified probability sample of hospitals included in the SID and designed to approximate a 20% sample of U.S. community hospitals. Hospitals are selected on the basis of a sampling frame that uses five strata: rural/urban location, number of beds, region, teaching status, and ownership. All discharges are retained for each sampled hospital. 13 The 1997 NIS includes information on 7.1 million discharges from 1012 nonfederal community hospitals located in the 22 states that, when weighted, provides estimates representing the total number of inpatient hospital discharges in the United States (35.4 million). The NIS provides a research database for conducting national and regional studies of inpatient care delivered in the United States.
Firearm injuries were identified using E codes. Since E codes by definition are a secondary diagnosis, we queried all secondary diagnosis fields for cases that contained codes E922.0 -E922.4, E922.8, E922.9, E955.0 -E955.4, E955.6, E965.0 -E965.4, E965.6, E970, E985.0 -E985.4, and E985.6. For each identified firearm-related case, the following variables were extracted: age, gender, median household income for patient's ZIP code (per 1990 census data), principal diagnosis, principal procedures, number of procedures, major diagnosis category, length of stay, in-hospital death, disposition of patient, expected primary payer, hospital charges, admission day of week, admission month, hospital region, bed size of hospital, control/ownership of hospital, and location/teaching status of hospital.
Cross-sectional analyses were performed by weighting the selected observations by the sampling weights. Frequency distributions were performed using the aggregate data for all cases identified, by the type of firearm according to E code groupings, and by the intentionality of the event according to E code groupings. The software program SUDAAN (Research Triangle Institute, Research Triangle Park, NC, 2001) was used to convert raw counts into weighted counts that represent national estimates and 95% confidence intervals (CIs). Crude rate estimates were calculated according to hospital region using publicly available 1990 census data. Chi-square analysis was used to test for the relationship between categorical variables. Unpaired t tests were used to analyze between group differences for length of stay and total hospital charges. All statistical tests were performed at ␣ϭ0.05. Clinical diagnoses and procedures were classified using Clinical Classifications Software (CCS) (Agency for Healthcare Research and Quality, Rockville, MD), which aggregates individual ICD-9-CM codes into broad diagnosis and procedure groups.
Results
A total of 7573 cases were identified in the NIS database. When weighted, these represent an estimated 35,810 (CIϭ32,615-38,947) firearm-related hospital discharges nationwide in 1997. Males accounted for 86% of cases (CIϭ81.6 -90.4). Approximately 60% (n ϭ22,031) of all cases were aged Ͻ30 years, and assault was the leading cause of firearm-related injury, followed by unintentional injury (Table 1) . A total of 7.5% of all cases (CIϭ5.4 -9.7) were of undetermined intent. Firearm-related hospitalizations were admitted most commonly to the hospital on Saturday and Sunday. Nearly 33% of cases where the day of admission was known were admitted on these 2 days. There was no significant difference in hospitalization according to the month of the year (data not shown). The type of firearm involved was listed as handgun in 32.3% (CIϭ27.4 -37.9) of cases; shotgun in 6.6% (CIϭ5.0 -8.2); rifle in 2.2% (CIϭ1.5-2.8); and other (not otherwise specified) in 58.6% (CIϭ51.7-65.5).
Seven percent (CIϭ6.1-7.9) (n ϭ2516) of all firearm cases died during the hospitalization. Seventy-five percent (CIϭ72.7-77.7) were discharged routinely, whereas approximately 12% were discharged to some other type of healthcare facility (Table 1 ). There were statistically significant differences in in-hospital deaths according to the intent of the injury (p Ͻ0.001), with self-inflicted injuries much more likely to die and unintentional injuries much less likely to die.
The mean length of stay (LOS) for patients with a firearm-related assault was 6 days, with an estimated total of 111,506 hospital days for firearm assault cases. There was an estimated total of 214,372 hospital days for all firearm-related cases. Self-inflicted, firearm-related injuries had the longest mean LOS, an average of 8 days (Table 2 ). There were statistically significant differences in LOS according to the intent of the injury, with self-inflicted injuries having a significantly longer LOS than either assault or unintentional cases (p Ͻ0.001). There were no other significant differences in LOS between the intent groupings.
The most common principal diagnosis for these cases, using CCS diagnosis categories, was crushing Table 3 illustrates the top ten diagnosis categories and top ten procedure categories for firearm-related cases. The total estimated hospital charges for firearmrelated injuries in the United States in 1997 was over $802 million, and more than half of these charges were associated with assault-related cases (Table 2) . Hospital charges for self-inflicted injuries were significantly higher than charges associated with assaults or unintentional injuries. The hospital charges for assaults were significantly higher than those associated with unintentional injuries. The majority of patients admitted with firearm-related injuries lived in low-income areas and were admitted to large urban teaching hospitals ( Table  4 ). The majority of these hospitals were classified as private, nonprofit hospitals. Hospitalization rates were highest among hospitals located in the South and West regions. There were significant differences in the hospital type and location for firearm cases according to the intent of the injury (p Ͻ0.001). Firearm injuries caused by self-inflicted violence or unintentional injuries were more likely to be admitted to rural or urban nonteaching hospitals, while injuries caused by assault were more likely to be admitted to urban teaching hospitals. Twenty-nine percent (CIϭ22.8 -35.6) of patients admitted for firearm-related injuries were selfpay, and another 25% (CIϭ20.6 -29.1) had Medicaid as the primary expected payer.
Discussion
Analysis of the NIS database yielded an estimated 35,810 cases of hospitalized firearm-related injuries. When compared with the NEISS data, which previously provided the only other estimate of hospitalized firearm-related injuries, we found strong similarities in the total number of cases and several demographic associations. For example, the NIS estimate of 35,810 cases compares with an estimated total of 32,326 hospitalized cases derived from NEISS in 1997. 1 NIS data found that 86% of hospitalized cases were males, and 47% were aged Ͻ25 years, while NEISS data for 1997 indicated that 88.8% of firearm cases seen in EDs were males, with 51% of cases aged Ͻ25 years. These findings suggest that NIS is a useful source of national data on firearm-related hospitalizations. The NIS findings also buttress the credibility of previously published NEISS estimates, since NIS is built on a much larger sample of facilities.
A number of other similarities with prior research were evident. Assault and legal interventions accounted for 54% of cases, unintentional injuries accounted for 31%, and self-inflicted injuries accounted for 8% of those identified in the NIS. This compares with approximately 74% of cases classified as assault/legal intervention, 20% as unintentional, and 5.7% as self-inflicted in the 1997 NEISS sample. Due to the generally more severe nature of self-inflicted firearm injuries, it might be expected that self-inflicted cases would represent a larger percentage of those hospitalized than those treated in EDs and that assault/legal interventions would represent a correspondingly smaller percentage of those hospitalized. We also found that 7% of cases died following their hospitalization. This is quite similar to what has been reported previously, where pooled data from five hospitals found that 91.6% of patients with firearm-related injuries treated in EDs who required hospitalization were discharged from the hospital alive. 5 The 7% in-hospital mortality rate also underscores the severity of these injuries, since the overall in-hospital death rate for all medical conditions was 2.5% in 1997. 14 Our other a priori hypotheses were also supported by the NIS data. Hospitalized victims of firearm-related injuries were found to reside in low-income areas. The majority of patients were admitted to large urban teaching hospitals, and patients admitted with selfinflicted injuries were more likely to result in an in-hospital death. For those who survived, the average LOS was longer for self-inflicted injuries compared to patients admitted for unintentional or assault-related injuries. In addition, the clinical diagnoses and procedure classifications for cases of firearm-related injuries are consistent with what might be expected in these patients (Table 3) .
Several other findings are of interest. To our knowledge, this is the first report documenting the substantial LOS associated with firearm-related injuries. The average LOS of 6 days compares with an overall mean LOS of 4.9 days for all medical conditions in 1997. 14 Not surprisingly, the LOS was significantly longer for the self-inflicted mechanism of injury.
We have further documented the staggering costs, both economic and health related, associated with this condition. NIS data reveal that approximately 1000 small-bowel resections were required in 1997 as a result of firearm-related injuries. Approximately 2500 intracranial injuries and another 669 spinal cord injuries were also documented (Table 3) . While these numbers help illustrate the severe consequences of firearm injuries, they are clearly underestimates, as we limited our analysis to the primary diagnosis and primary procedure codes.
There are, in general, relatively few assessments of the economic costs of violence. One recent study, 15 using hospital discharge data from hospitals in Maryland for 1994 -1995 and New York for 1994, estimated that the average acute care treatment costs per patient for gunshot injuries were $14,757 in Maryland and $14,497 in New York. The study also noted that nonfatal, self-inflicted injuries had higher acute care treatment costs and higher lifetime costs than unintentional injuries or assaults. The study estimated that 49% of the $2.3 billion in lifetime medical costs was paid by U.S. taxpayers. 15 Other previous estimates for the acute care costs for hospitalized gunshot injury survivors range from $11,023 to $21,324 (all in 1994 dollars). 16 -24 Adjusted for inflation, these estimates range from $11,952 to $23,120 in 1997 dollars. 25 Some of these estimates are based on estimated charges, while others are based on estimated costs, which were approximately 60% of estimated charges in 1997. 26 NIS data, using actual hospital charges for 1997, found generally higher estimates, with the average charge associated with assault-related cases being $23,904 and the average charge associated with self-inflicted injury being $30,201. The total estimated acute care charges for the hospitalization alone (charges exclude physician charges and do not include outpatient and indirect charges/costs) associated with firearm-related injuries was over $802 million in 1997, and 29% of the patients admitted for this condition were uninsured.
Since the majority of patients with firearm-related injuries are admitted to urban teaching hospitals and academic medical centers, these hospitals also incur a disproportionate economic burden. Over half of the estimated $802 million in charges in 1997 were the result of assault-related cases. Seventy-two percent (n ϭ13,495) of assault-related cases were admitted to urban teaching hospitals, and 32% of all assault cases were classified as self-pay. In total, firearm-related injuries rank highest among all conditions in the number of uninsured hospital stays.
14 We found higher rates of hospitalization among hospitals located in the South and West. It is unclear if these higher rates are due to an increased prevalence of gunshots, increased severity of injury, differences in regional patterns of care, or a combination of these factors.
There are a number of important limitations to these data. First, as previously noted, NIS data are derived from administrative hospital-discharge data, and analysis for firearm-related injuries relies on the use of E codes. As of 1997, several of the states participating in NIS required the use of E codes, while others did not have this mandate. In addition, the validity of E codes in hospital discharge data has not been well documented. We felt that firearm-related injuries were likely to be identified with E codes, and our data generally support this belief, but further analysis of the state-level hospital-discharge data that comprise the NIS is needed to determine the accuracy of E codes for all injury causes, including firearm-related cases. While we were able to identify cases of firearm-related injury, there were limitations in the data regarding E code specificity, as illustrated by the large number of firearms classified as "other" or "not otherwise specified." It is possible that some of these cases may represent BB guns or other similar nonpowder firearms. In-depth analysis of the validity of these codes will guide the potential use of these data for future research and injury surveillance.
For several variables of interest, there were a substantial number of missing cases in the NIS data. For example, nearly 21% of cases were missing data on race/ethnicity. Therefore, NIS estimates based on race/ethnicity require re-weighting or subsetting of the data. Importantly, as noted above, the type of firearm responsible for the injury was listed as "other" in nearly 60% of cases, indicating that NIS (and hospital discharge data in general) is not a reliable source of information on specific weapon types. This limitation prohibited several other analyses of interest, such as comparisons of in-hospital mortality, LOS, number of procedures, and costs according to the type of weapon involved. As found with other national data systems, the NIS is also not able to provide important contextual information on firearm-related injuries, such as the victim-offender relationship, the activities surrounding the shooting, and the actual location of the shooting. Also, the timeliness of NIS data may be of concern and limits its usefulness for surveillance. However, HCUP data (including the NIS) are now available on the Internet and can be queried using interactive tools. At the current time, data for year 2000 are available at www.ahrq.gov/data/hcup.
Despite these limitations, our findings suggest that NIS is a useful source of data on firearm-related hospitalizations. National estimates derived from the NIS are consistent with previous estimates of hospitalization from firearm-related injuries. Due to its larger sampling frame and the ability to provide important clinical and epidemiologic information not available from other data sources, NIS may serve as a gold standard for inpatient data. Despite recent declines in the number of firearm-related deaths and injuries, these data illustrate the substantial health, disability, and economic impact of these injuries.
Under the auspices of the Centers for Disease Control and Prevention, the National Violent Death Reporting System is currently in development. This laudable effort should significantly strengthen the existing data on firearm-related mortality. However, data on nonfatal injuries and their associated morbidity are needed to more clearly illustrate the burden of disease and to aid in developing and evaluating violence prevention programs. Incorporating and supplementing existing data systems, such as NIS, into a more comprehensive national system may provide a cost-effective method to accomplish this goal. Existing administrative hospital-discharge data can help monitor firearm injury trends over time and provide needed data to examine policy issues, such as the effects of the Brady law, concealed weapons legislation, and other similar initiatives. Additional analytic studies to examine variation by region and hospital type, other factors associated with mortality, outcomes adjusted for injury severity, and associated co-morbidities are warranted.
The number of states participating in HCUP continues to increase, and plans are underway to begin to include outpatient (emergency department) data in the HCUP databases. This ongoing national data system may provide useful data for future injury surveillance and research. In addition, these data are also available at the state level, making local and regional, nonfatal, firearm-injury surveillance a distinct possibility.
